This study examined 24 hour activity patterns of a diurnally refuge seeking palaemonid, Macrobrachium australiense. The results obtained improve our understanding of the mechanistic processes that are likely to underlie observed patterns of anti-predatory refuge usage, and diurnal inactivity, in a wide range of crustaceans. When introduced to a novel environment M. australiense altered their searching behaviours in response to changes in available refugia. These behaviours were consistent with attempts to reduce exposure to predation. They altered in response to variation in stalk density of a vegetated refuge, environmental conditions, and individual body size. When settled in the environment all vegetated refuges were attractive to the test species, though higher stalk densities were preferred. M. australiense demonstrated both an active and a passive strategy of mediating exposure to predation. Like numerous other prawn species they substantially reduced activity during periods of high light. The underlying preferences and behavioural mechanisms displayed by the test animals were consistent with the theory that diurnal inactivity is a form of antipredator behaviour, even in the absence of predators. Upon subsequent exposure to predation, refuge seeking behaviour altered depending on the current activity level of the individual: during periods of low activity there was no significant change in behaviour. The presence of a predator had no significant impact upon the occurrence of periods of high activity. However, during these periods the presence of the predator caused an increase in the time prawns spent within the refuge, and decreased the number of transitions between the refuge and the open area.
INTRODUCTION
Over short time spans the interaction between predator and prey can influence the distribution, structure, and dynamics of both populations (Kitchell et al., 1994) . These effects are all governed by the fundamental predator-prey interaction, which is usually resolved between individuals, and mediated by the interactions between animal behaviours and the physical structure of the environment (Savino and Stein, 1989a; Eklöv and Persson, 1995) . The behaviours of prey and the use of refuges have both been demonstrated to have a dramatic effect on the success of the predator-prey interaction (Stoner, 1980) .
In this study, we examine mechanistic behaviours behind the seeking of diurnal refuge by small prey organisms, in order to elucidate mechanisms through which crustacean prey are exposed to predation. Diel, i.e., of a 24 hour time period, activity patterns of the Australian freshwater prawn, Macrobrachium australiense (Holthius, 1950) were studied. Focus was on the antipredator adaptations of diurnal refuge use, and how this interacted with the observed increase in activity upon introduction to a novel environment. Silver perch (Bidyanus bidyanus) were used as a predator stimulus; they have been noted to consume large quantities of M. australiense in naturalistic aquaculture settings (Thompson and Thompson, 1999) .
Diurnal activity varies dramatically between species of prawn, ranging from those which completely cease activity to those which show no reduction (Penn, 1984) . M.
australiense demonstrate a dramatic reduction in diurnal activity without actually stopping activity completely (Lee, 1979) . Reduction in diurnal prawn activity is commonly regarded as an antipredator behaviour, even though it occurs in the absence of predators (Lee, 1979; Wassenberg and Hill, 1994 ). This contrasts with most studies into antipredator mechanisms that deal directly with response of prey to predator presence (Cook and Streams, 1984; Persson and Eklöv, 1995; Tátrai and Herzig, 1995) . In the case of refuging prey, individual variation in ontogeny (Fuiman and Magurran, 1994) , and changes to refuge quality (Heck Jr. and Thoman, 1981; Russo, 1987; Savino and Stein, 1989a) are the factors most likely to affect their vulnerability. Because of this we assume that factors that change an individual's vulnerability to predation are also likely to change their refuge seeking behaviours.
Vegetated areas make good refuges for small crustaceans because they can form extremely complex structures. These structures act as a barrier affecting the detection of prey individuals (Main, 1987) , and limiting the access of predators to the prey (Manatunge et al., 2000) . In the aquatic environment, vegetated areas have been well documented as refuges for prey species (Stoner, 1980; Cook and Streams, 1984) . The structural complexity of a vegetation patch, influenced by stalk density and growth form (Ryer, 1988; Kenyon et al., 1995) , interacts with the behaviours of the predator and prey individuals (James and Heck, 1994; Primavera, 1997) to influence vulnerability to predation. For the purposes of this study stalk density has been chosen as the indicator of structural complexity, as it is easy to quantify and has been repeatedly shown as an important factor in reducing prey vulnerability to predation (Savino and Stein, 1989a; Manatunge et al., 2000) . Increasing the structural complexity usually results in a reduction in predator capture success (Vince et al., 1976; Nelson, 1979) .
An increase in size, for a prey individual, is usually accompanied by an increase in its detectability by visually foraging predators. This renders vegetation and other structures less effective at concealing the relatively larger prey individuals (Cook and Streams, 1984; Manderson et al., 2000) , and increases the distance at which predators can detect them (Dunbrack and Dill, 1983) . So prey individuals potentially become more prone to predation, unless a simultaneous ontogenetic change reduces their vulnerability (Folkvord and Hunter, 1986; Fuiman, 1994) . This usually takes the form of an improvement in the individual's ability to successfully evade predation attempts (Fuiman, 1994) . Tail-flips are used as an escape mechanism by many malacostracan crustaceans; they possess an elongated pleon that can be used to propel the animal through the water as an emergency escape mechanism. A search of the literature has revealed that optimal tail-flip size is related to the dimensions of the individuals (Daniel and Meyhofer, 1989) . Personal observations indicate that larger individuals tend to travel greater distances with a single tail-flip, a relationship seen in other species (Arnott et al., 1998) . Thus, as an individual grows it should have an anti-predator advantage that offsets the increased chance of detection by visual predators.
In small aquaria, M. australiense demonstrate similar behaviours to crayfish and other animals which utilise thigmotaxis to learn the layout of an arena (unpublished observations, compare with Teyke, 1989; Basil and Sandeman, 2000) . Our observations were conducted under high light conditions; the other studies were conducted in low lighting under which animals would perceive reduced predation threat, i.e., night, high turbidity. The initial period of exploration most likely serves to reduce long-term vulnerability to predation, trading off the increased short term exposure to predation for the chance to locate a better refuge and knowledge of the local environment. However, because of the diurnal risk of predation (Main, 1987 ) the extent of the exploration behaviours should also be subject to adaptive variation, in order to reduce short term vulnerability. Studies have demonstrated that Crustacea respond to visual cues during a wide variety of behaviours (examples in: Bruski and Dunham, 1987; Chiussi and Diaz, 2002; Hemmi and Zeil, 2003) . The results of a previous study into the visual preferences of a caridean shrimp, Hippolyte californiensis (Holmes, 1895) , found that this species preferred dark shapes against a light background, and were attracted most strongly to vertical stripes, the response increasing with the number of stripes (Barry, 1974) . Evaluation of visual cues from novel refugia, under high light conditions, would allow moderation of prey vulnerability by reducing exploration time and minimizing exposure to predation.
MATERIALS AND METHODS
We formed a hypothesis that reducing the vulnerability of the prawns would result in an increase in activity. To this end, increasing individual size and higher vegetation density were predicted to cause a reduction in the amount of time spent seeking refuge. For a subsequent set of experiments we predicted that M. australiense would be able to detect and evaluate novel distant refugia, and would alter exploration behaviours to reflect their vulnerability. Two experiments were conducted to test M. australiense responses to novel distant refugia. The first examined ability to detect refugia visually, whilst the second examined response to differences in vegetation density of a distant refuge. In summary, we examined the diel activity patterns, habitat preferences, strategic responses, and behavioural plasticity of refuge seeking behaviours; as well as the composition of diurnal exploration behaviours, of a novel environment, for M. australiense in response to predation threat.
Field Collections and Laboratory Maintenance
M. australiense were collected between October 2002 and February 2005. All animals were collected in Brisbane, Australia from Bulimba Creek (278339S, 1538039E). Prawns were transported in aerated polystyrene containers containing water from the creek system. They were then transferred to holding aquaria for acclimation. Holding tanks consisted of glass aquaria 25 3 50 3 25 cm in size, and were filled with 18 cm of water. M. australiense were distributed randomly among holding tanks and kept at a maximum density of 15 per aquaria. Holding aquaria contained four to five PVC tubes, which acted as refuges for the test animals and reduced agonistic interactions. All aquaria, holding and experimental, were maintained in an air conditioned room at water temperatures between 22 to 248C, which is similar to conditions in the region during Summer. Fluorescent lighting was placed above the holding tanks and kept on a 12:12 h light:dark cycle, this was to acclimatise the prawns to the experimental lighting. Windows in the laboratory allowed natural light in. The test animals were fed daily on sinking pellets and the holding aquaria were cleaned weekly. The prawns were allowed to acclimate for a period of at least 48 hours prior to their use in experiments. The test animals were not held in the lab for longer than two weeks and were returned to a different location of the creek system from which they were caught, to ensure that experimental animals were not re-caught.
General Activity Patterns
This experiment examined the effects of the following factors on the refuging patterns of M. australiense: refuge quality, body length, diel patterns, and predator presence. Each treatment was made up of 20 replicates, resulting in a total of 140 behavioural trials. Each trial employed a different individual prawn and lasted for two hours. For the first hour the prawn was allowed to acclimatise to the tank, behaviours during the second hour were recorded for analysis. Each individual's size was recorded (mm) before introduction to the experimental enclosure. Body length was taken as the measure of size and was defined as the distance from the tip of the rostrum to the end of the telson.
The trials were all conducted in aquaria of size 50 3 50 3 25 cm with a water depth of 25 cm. The aquaria were split into two equal sized compartments of 50 3 25 3 25 cm with a perforated clear Perspex divider (Fig. 1) . The compartment at the rear of the aquaria was only used during the predator trials and contained a B. bidyanus individual. The prawns were placed in the front compartment. Because prawns responded to movement outside the aquaria the experiments were conducted inside a hide (in this case a structure made from sheets of fabric designed to occlude vision) and behaviours were recorded with a video camera placed approximately 30 cm directly in front of the aquaria. Three 8W halogen bulbs in waterproof casings were placed above the aquaria to provide experimental lighting for the diurnal trials. During nocturnal trials an array of 24 infrared light emitting diodes (LEDs) was utilised. The water in the aquaria was completely changed between trials using aged tap water (i.e., water from a municipal supply which has been left to sit in a container for a minimum of one week to allow chlorine to dissipate).
The experimental arena contained a thick layer (3 cm) of coarse gravel. Between each experiment the gravel layer was flattened to ensure no valleys or other structures existed which the test animals may use as refugia. The thickness of the layer ensured that the simulated vegetation refugia remained in position. All trials consisted of an open area and a refuge area (25 3 25 cm) which took up half of the test aquarium (Fig. 1 ). Initial observations noted that the test animals utilised structures made from real and simulated vegetation similarly. For the experiments, simulated vegetation, made out of shade cloth, was used to prevent the prawns using the refuge as a source of food. The shade cloth was cut into strips, approximately 5 3 25 cm, and rolled to form ;25 cm long cylinders. These were clipped and weighted at the bottom end with iron fence clips which were planted underneath the gravel. To determine the effects of refuge quality, 4 different levels of stalk density were used (0, 100, 300, and 1000 stalks/m 3 ) in five combinations (0:0, 0:100, 0:300, 0:1000, and 300:1000). To prevent possible bias, the location of the vegetation refuge in the aquarium (left or right side) was balanced evenly across treatments. For the nocturnal trials the 0:1000 refuge treatment was deployed whilst the 0:300 refuge treatment was used in the predator presence trials. The reason for the predator presence trials utilising a different refuge treatment than the nocturnal trials was to determine a better understanding of the behaviours of the prawns. In the initial pilot studies of the predator-presence experiment the 0:1000 refuge density prevented viewing of the predator by the camera. Because of this it was possible that the M. australiense individual would also have its view of the predator occluded by the vegetation and cause a bias in the data. In order to ensure that the prawn was able to view the predator the lower density vegetation was deployed.
Diurnal trials were conducted between 9 am and 5 pm and three trials were conducted daily. Treatments were randomised throughout the day to account for time of day effects. For the nocturnal trials animals were introduced to the test aquaria at 6 pm; during the experimental period this was approximately 20-40 minutes before sunset. This was to allow the prawns to familiarise themselves with the experimental arena visually before the experiment commenced.
For the predator presence trials, the B.bidyanus individual was released into the rear section of the tank a few minutes prior to the beginning of the second hour. This was to prevent the prawn acclimatising to it's presence before behavioural monitoring commenced. Initial pilot studies indicated that after removal of the predator the prawns showed no lasting changes to their behaviour. The water was changed between each trial to ensure independence of results.
A summary of all the experimental treatments can be found in Table 1 . After the trials were completed the videos were analysed for activity and time spent out of the refuge by all the experimental animals: 1) Activity -Prawn behaviour was monitored constantly. If a prawn performed any locomotion behaviours, walking or swimming (described fully in Lee, 1979) , during a time span of five seconds it was noted down. These five second time spans were then collected into 12 periods of five minutes for analysis. If a prawn was conducting locomotion behaviours for at least half of a five minute period it was deemed to have been ''active'' for that period.
2) Time spent out of the refuge -The total amount of time, in seconds, each individual spent outside refuge (or in the lower density region for treatments with two refuges).
Diurnal Exploration Behaviours
Similar types of artificial refugia were deployed for both experiments examining the exploration behaviours. The simulated vegetation stalks were attached to thin nylon cords which were strung across a square steel frame (25 3 25 cm), connecting the parallel edges. The steel frame served to denote both the area of the refuge, and provide an anchor to prevent movement of the simulated vegetation.
Patch Detection
This experiment examined the ability of prawns to detect a vegetation refuge from a distance in a novel environment. A total of 40 trials, each utilising an individual prawn, were completed during the experimental period. Prawns were randomly selected from the holding population to produce the experimental groupings. Each trial was conducted between 9 am and 5 pm and lasted 55 minutes. The experiments were conducted in a large, shallow aquarium (250 3 150 3 25 cm) with a water depth of 20 cm. Once again the tank was enclosed in a hide to prevent outside movement from affecting the prawns. Behaviours were recorded with a video camera placed approximately 1.5 metres above the experimental aquarium. Experimental lighting was provided by the overhead fluorescent lights present in the laboratory. The test aquarium was covered with a 1cm layer of fine light sand to ensure the Macrobrachium were visible to the camera. The vegetation refuge was placed in the centre of the aquarium. There were two different vegetation treatments, the control and test treatments. In the test treatment a density of 1000 stalks/m 2 was used for the vegetation refuge. In the control treatment only the steel frame was used with no vegetation stalks within it.
Individuals were selected randomly from the holding aquaria. The body length of each individual was measured and recorded. They were introduced to the aquaria in an upright piece of opaque PVC piping. This ensured that they were unable to see the experimental arena before the trial commenced. The PVC pipe was placed in a corner of the aquarium and each prawn was given five minutes to acclimatise. Subsequently the PVC piping was removed and the behaviour of the prawn was recorded. Prawns spent most of their time moving along the edge of the aquarium. When a prawn moved more than 15 cm from the aquarium wall its location and direction (relative to the centre of the steel square) were recorded (Fig. 2) . If the prawns were able to visually detect the novel structure and recognise it as a refuge their direction of movement upon first exodus from the aquarium wall should be biased towards the refuge.
Effects of Vulnerability on Exploration Behaviour
This section of the study examined the initial exploration behaviours of M. australiense. It focussed on how the quality of occupied and novel patches affected aspects of M. australiense exploration behaviour. 60 trials were conducted in all, each one lasted 15 minutes and all were performed between 9 am and 5 pm. The test aquarium was long and thin (122 3 33 3 31 cm) with one vegetated refuge placed at either end (Fig. 3) . It was filled with 24 cm of water and placed in a hide. Each trial employed an individual prawn, which was sized before the trial. The behaviours were observed Fig. 1 . Plan view of experimental aquaria. All experiments were conducted in an aquarium (a) which was split in two by a perforated Perspex divider (b). Prawns were placed in the front compartment which was split into vegetated (c) and non-vegetated (d) areas. For the predator presence trials perch were placed in the rear enclosure (e). 2 ) were deployed to form three different treatments (high-high, low-low, high-low) (in the case of the effect of start patch, the high-low treatment was divided into two). 20 replicates were conducted for each of the vegetation treatments. At the beginning of each trial the prawn was placed into one of the vegetation patches. The location of the start patch was random with respect to the two ends of the tank. Once released into the aquarium three behaviours were recorded. The amount of time taken for the prawn to fully leave the start patch, the number of crossings made, and the final patch occupied were all recorded. If the prawn had not left the patch within the experimental period, the maximum time of 15 minutes was recorded for the amount of time taken to leave the patch.
Statistical Analyses
All analyses were done using Statistica v7.0 (Statistica, 2006) . In most situations data breached assumptions of normality and some measures represented ordinal data, so non-parametric tests were utilised. The Wilcoxon matched pairs test (statistic: T) was used to determine differences between active and inactive behaviour patterns by individuals. For pairwise comparisons between predator presence/absence, nocturnal/diurnal behaviours, comparing the effect of adjacent density variation (0:1000 and 300:1000 treatments), and the patch detection experiments the MannWhitney U test (statistic: U) was used as a substitute for the t-test for independent samples. In the patch quality evaluation experiments the relationship between the structured densities of the two refugia, and the role of individual size, were examined with General Linear/Nonlinear Models (GLZ) as was the relationship between individual size, vegetation density, and refuge usage. The best model was chosen using the Akaike Information Criterion (AIC) (Burnham and Anderson, 2002) , which is similar to the log-likelihood method except it corrects for the fact that models with more variables always produce better fits. All models utilised a gamma distribution with a log link function. Selection of the best model was done by with the best-subsets feature in Statistica. This tests the fit of every possible combination of variables and orders them by AIC. Statistica reports The Walden statistic (Wald stat) with the GLZ results and is defined as the square of the z statistic.
RESULTS

General Activity Patterns
The prawns showed a significant difference between nocturnal and diurnal activity (U ¼ 81.0, n diurnal ¼ 21, n nocturnal ¼ 20, P , 0.001), spending an average of 1.24 (10% of time, SD ¼ 2.46) periods/hour active during the day and 3.70 (32% of time, SD ¼ 2.92) periods/hour active nocturnally. During the day there was a significant difference in the amount of time spent outside of the vegetation refuge during active and inactive periods (T ¼ 7.00, n ¼ 26, P , 0.001). Inactive prawns spent an average of 243 (7% of time, SD ¼ 802) seconds/hour outside of the refuge, this increased to 1117 (31% of time, SD ¼ 758) seconds/hour during active periods.
Responses to Predator Presence
The presence of B. bidyanus had no effect on the overall occurrences of high activity periods (U ¼ 174.5, P ¼ 0.663, n perch ¼ 20, n noperch ¼ 19). The behavioural components of those periods, however, were affected differently. During active periods the M. australiense individuals reduced the percentage time spent outside the refuge from 1514 (42% of time, SD ¼ 519) seconds/hour to 797 (22% of time, SD ¼ 598) seconds/hour when in the presence of predators (U ¼ 25.5, P ¼ 0.006, n perch ¼ 15, n noperch ¼ 10). During inactive periods predator presence had no significant effect on the amount of time spent outside the refuge (U ¼ 150.0, P ¼ 0.261, n perch ¼ 20, n noperch ¼ 19).
Effect of Increasing Refuge Density
In treatments with an open area and a refuge M. australiense individuals showed a strong preference towards the refuge, spending, on average, 381 (11% of time, SD ¼ 879) seconds/hour outside of the refuge. This proved to be unaffected by variations in the quality, i.e., stalk density, of the refuge (Wald Stat. ¼ 0.188, P ¼ 0.665), or the density of the alternate patch (Wald Stat. ¼ 0.0034, P ¼ 0.954). Increasing vegetation density had no effect on the occurrences of activity (Wald Stat. ¼ 1.623, P ¼ 0.203).
Effect of Prawn Size
There was a significant negative relationship between increasing body length and the occurrence of active periods (Wald Stat. ¼ 9.604,
Diurnal Exploration Behaviours Patch Detection.-The prawns showed significant differences between the control and refuge treatments in the patch detection experiments. In the control treatment 14 out of 20 prawns left the aquarium wall at least once during the 55 minute trial period; this rose to 19/20 for the refuge treatment. There was a significant difference in the direction of movement, during the first exodus from the aquarium wall, between the control and refuge treatments (U ¼ 58.0, n control ¼ 14, n refuge ¼ 19, P ¼ 0.006). The prawns in the refuge treatment oriented more towards the refuge, with an average angle of 24.58 (SD ¼ 29.0). This deviation was significantly less than that of the control treatment (mean ¼ 61.08, SD ¼ 33.8).
Patch Quality Evaluation.-A GLZ model was constructed to describe the time taken to initialise exploration. The three variables included in the system were; the quality of the starting patch, the quality of the alternative patch, and the size of the prawn. The results for the best 3 models are presented in Table 2 . Although there was little difference between the AIC scores of the top three models the model with the lowest AIC was also the most parsimonious; a summary of this model is shown in Table 3 . All three factors had a significant effect on the time taken to leave the starting refuge. All possible effects are summarized in Figure 4 . Some of the key components were the interaction of individual size and starting refuge quality, and the quality of the other refuge. The quality of the starting refuge affected the role of size on the time taken to leave it. If prawns started in a high quality refuge larger individuals took longer to leave it. However, if they started in a low quality refuge, then leaving time was shorter for larger individuals. The density of the other refuge also proved to have a significant effect on the time taken to leave. Overall the prawns left the initial refuge faster in situations where the other refuge was of a higher density.
Effects of Vulnerability on Exploration Behaviours
The duration and activity levels of the prawns were affected by both the quality of the refugia and the size of the individuals. At the end of the 15 minute period, when both patches were of high quality, 12 out of 20 individuals were in the starting patch. When both patches were of low quality 7 out of 20 individuals ended in the starting patch. In the mixed refuge treatments 12 out of 20 individuals ended their trials in the starting patch. Of these 8 started in the high quality refugia and 4 started in the low quality refuge.
However, in the mixed refuge treatment 14 out of 20 individuals ended the trial in the high quality refuge.
The number of transitions made between refuges was affected by the density of the two patches. The results for the best three models are presented in Table 4 . The first model included all three factors. However, for some of the refuge treatments particular factors proved to be insignificant (the model is summarised in Table 5 ). For the low quality refugia treatment the model predicted a much lower number of crossings between the refugia than in either of the other treatments. In addition, the size of the prawns had a contrasting effect in the high and mixed quality treatments relative to the low quality treatments. In general the model predicted a negative relationship between body size and the number of crossings. For low quality refugia, however, the interaction between refuge quality and individual size actually counteracted this effect, increasing the activity of individuals as they got larger.
DISCUSSION
Overall the study elucidated a number of behavioural mechanisms, which M. australiense use to mediate their diurnal exposure to predation, under different circumstances. The results provide a mechanistic behavioural base for examining other outcomes of antipredatory refuge usage, such as refuge competition, and how this impacts upon predation exposure. Table 2 . The three best fit models describing the effects of starting refuge quality (a), other refuge quality (b), and individual size (c) on the time taken to leave the starting refuge. General Activity Patterns During the day M. australiense showed periods of scattered activity interspersed with inactivity, confirming the findings of previous studies into the species (Lee, 1979) . M. australiense decreased their activity by approximately 300% during the day, and showed no changes to their overall activity level when exposed to a predator. These prawns showed a strong preference for vegetated areas, mirroring results seen for other species which reduced diurnal activity (Minello and Zimmerman, 1985; Hudon et al., 1992) . The test animals displayed an overriding preference to occupy higher density refuges during these periods. Since higher density refugia provide greater safety from predators (Heck Jr. and Thoman, 1981; Savino and Stein, 1989a; MacRae and Jackson, 2001 ), this behaviour is consistent with the theory that the periods of low activity are adapted to predation avoidance. These behaviours suggest that the majority of predator avoidance conducted by M. australiense is done through the use of refuge structures and a reduction in activity. This has the benefit of reducing costs associated with vigilance and other more active anti-predation strategies (Lima and Bednekoff, 1999) . Changes in circumstance and/or behaviour may require alterations to the anti-predation strategies.
Activity and Strategic Response
During the diurnal experiments M. australiense individuals exhibited two distinct, activity mediated, anti-predator strategies. When prawns were exhibiting low activity behaviours they tended to remain in the refuge, in the presence of predators there was no significant change in their refuge usage behaviours. This passive response to predator presence suggests a behaviour already adapted for predator avoidance. Alternatively, during periods of high activity the prawns increased time spent in the refuge and decreased the number of transitions between the refuge and the open area when a predator was present. This response is consistent with a refuging prey species responding strategically to the presence of a threat (Savino and Stein, 1989b; Snickars et al., 2004) , indicating that the prawns are in fact seeking refuge strategically whilst active. Both antipredation strategies were exhibited by individuals. Of interest is that the overall activity levels of the individuals were not altered by the presence of the predators. This suggests that the triggers of the different activity levels are independent of surrounding threat, but the subsequent behaviours are not.
Flexibility in Anti-predation Strategies The experimental animals did not change their behaviour in any way when vegetation densities were altered. The initial hypothesis predicted an increase in activity with vegetation quality, as a result of decreased predator threat. The lack of response to different refuge densities provides an insight into the mechanisms governing non-strategic refuge seeking responses. Whilst inactive, i.e., in the absence of strategic response, the success of prawns in avoiding predation is related to the quality of the shelter they inhabit. Accordingly, the most important factor to the survival of a prawn is the density of the refuge.
Whilst engaging in high activity behaviours the prawns showed decreased occupation of the vegetation refuge. This serves as an indicator of the internal motivations of the animal and the external stimuli to which it responds. Periods of high activity are likely to be utilised by prawns to fulfil essential needs, e.g., feeding, which cannot be fulfilled whilst seeking refuge (Fraser and Gilliam, 1987; Uiblein et al., 1996) . During these periods the internal motivation to refuge is replaced by a series of strategic responses to external threats. In the absence of any external stimuli, the prawn acts to fulfil its needs. This can be seen in the absence of a vegetation quality effect in active prawns. In this scenario refuge quality has no impact upon the need fulfilment behaviours and is independent of prawn behaviour.
Increasing body size led to a reduction in activity for the M. australiense individuals. This suggests that growth leads to an increase to the vulnerability of the individual. If growth led to a reduction in vulnerability to predation, leaving the refuge would have lower associated costs and should result in larger prawns increasing activities to maximise their fitness, e.g., feeding, reproduction. It is possible that the vulnerability of the individual remained unchanged and the reduction in activity is due to increased energy requirements (Peters, 1983 ). This could be tested through an examination of the interrelated factors of foraging, size, and refuge seeking.
Diurnal Exploration Behaviours
Exploration behaviours provide the individuals with environmental information that can improve anti-predation strategies. The results for the exploration experiments built upon the refuge seeking experiments, by demonstrating a further level of behavioural plasticity in M. australiense.
The results of the patch detection experiments clearly showed that prawns were able to detect and orient towards novel refugia at a distance. Furthermore, the quality of a novel patch affected the time taken to initialise the exploration behaviours. These results confirm that M. australiense were able to evaluate the quality of distant refugia. However, this remote assessment did not preclude physical inspection of the refuge; despite variations in behaviour the vast majority of prawns still conducted exploration behaviours. We suggest that the remote assessment of a refuge is probably part of a larger series of mechanisms used to reduce risk. In an open area, with a multitude of refuge choices, remote assessment may be used to eliminate low quality refugia without physical inspection. This would reduce exploration time, i.e., movement outside of refugia, and thus exposure and vulnerability to predation (Vince et al., 1976; Nelson, 1979) . Exploration behaviour was affected in a number of ways, both before and after the physical inspection of the novel patch. The size of the prawns and the quality of the starting refuge had an effect on the time taken to commence exploration. If the starting patch was of low quality larger prawns started exploring sooner. However starting with a high quality refuge larger prawns took longer to commence exploration. This relationship with size reinforces the previous findings that size is positively related to vulnerability. In this situation increased information of the local environment, especially the presence and location of potential predators, would increase the likelihood of survival (Sih, 1992) . Thus, if the prawn begins in a high quality refuge, where it is relatively safe from predation, it can increase its chances of survival by taking time to ensure the absence of predators before venturing into the open. However, in lower density refugia, where it may be vulnerable to predation, it would be more worthwhile to initiate exploration.
Once exploration was initiated the number of crossings made by the prawn was related to both the patch quality and the size of the individuals. Larger individuals generally made fewer crossings between refugia. Because of their greater vulnerability, larger prawns should cease exploration more rapidly upon discovery of a suitable refuge. In the absence of high density refugia all prawns reduced the number of crossings considerably. In this situation, however, the larger prawns were more active than the smaller ones. This is most likely a reflection of the importance of refugia for larger individuals. In addition to increasing detectability, size has been shown to reduce the effectiveness of vegetation cover (Cook and Streams, 1984; Manderson et al., 2000) ; in this situation it may be important to continue exploration to determine the location of the best refuge possible. Thus the duration of exploration is a component of the benefit an individual has to gain from finding a higher quality refuge, and the availability of refugia.
Ramifications and Broader Ecological Context
The behaviours quantified in this study are the response (evolutionary or learned) to predation pressures on M. australiense in the wild. In the absence of changes to the structure of their ecosystem they would be expected to give a survival and fitness advantage to the individuals.
Individuals and their behaviours are some of the constituent components which drive ecological processes. The results of this study provided a baseline examination of individual behaviours which may have an influencing factor on larger scale processes, i.e., density dependent predation mortality (Johnson, 2006) . In its current form the study provides insight into the mechanisms underlying diurnal anti-predation behaviours, e.g., switching between active and passive anti-predation strategies, evaluation of refuge structures.
The results from the study can be broadened by investigating the effect of competition on these refuge seekinging behaviours. M. australiense like many crustaceans form linear dominance hierarchies and compete for refugia (Lee and Fielder, 1983) . These competitions should result in changes in access to refuge structures (Barki et al., 1992) and subsequently exposure to predation. Quantification of these effects would add a further layer to our understanding of the links between behaviour and the resultant ecology.
CONCLUSIONS
The reduction in diurnal activity, relative to nocturnal activity, was confirmed for M. australiense. The prawns showed increasing diurnal preference for vegetation patches with higher stalk density. In all cases, vegetated refugia proved highly attractive to the test animals. Even in the absence of predators the M. australiense individuals spent the vast majority of their time within the vegetation refuge. The activity patterns of the prawns were primarily motivated by internal state. However, there was a differential reaction to external threat during active and inactive periods. Inactive individuals did not change their refuge usage patterns whilst in the presence of a predator. However, whilst active they increased the amount of time spent in the refuge, a much more commonly described antipredation behaviour.
Our understanding of anti-predator mechanisms was built upon during the subsequent experiments into their exploration behaviours. The M. australiense were able to detect and evaluate vegetation refugia from a distance, however, this ability did not preclude physical inspection. Whilst exploring a novel environment the prawns adjusted their behaviours in response to changes in vulnerability. Increasing vulnerability, i.e., increasing size and lower density vegetation, generally led to a reduction in exploration activity. An exception to this was found at low levels of refuge density, where larger individuals increased their activity relative to the smaller individuals. This was interpreted as a behavioural shift due to the increased importance of refugia brought on by increasing detectability.
